Abstract: Based on the gestalt theory, the authors elaborated a new concept of functional and structural neuroanatomy named as "subcortical neuronal system". The study was achieved on adult, embryo, fetus and new born encephalon pre or post fixed in saline (10% and 5%) formaldehyde solutions. Visualization, analysis and evaluation of subcortical neuronal system structures were carried out on serried frontal, sagittal and horizontal sections through long time fixed encephalon. Based on personal observations, the authors include two subsystems into subcortical neuronal system: the subsystem of nuclei from the base of encephalon (striatum, globus pallidus, nucleus subthalamicus, substantia nigra and nucleus accumbens) and the subsystem of connection interfaces (thalamus, amygdala, nucleus ruber and motor and premotor cerebral cortex). The authors sustain the involvement of subcortical neuronal system structures in regulation of stereotype movements and in knowledge and behavioral processes.
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T he heterogeneity of location, cytoarchitecture, myeloarchitecture and division in groups of grey matter of subcortical neuronal system structures, raise numerous problems related to genesis determining factors, its evolution during ontogenesis and phylogenies, functional consequences of its epigenesist, connection interfaces and its integration into the anatomic and functional systems of neo, paleo and arheostriatum. In this situation, it is imposed to use some integrative concepts for perception and representation of shape, structure and function of subcortical neuronal system structures as structured entities and not as a gathering of elements.
Christian von Ehrenfels (1890) [1] elaborated the gestalt theory widely applied in psychology, philosophy and biology for the study of shapes and its integration in subsystems. The term gestalt was taken from psychology.
It comes from German language, where gestalt means shape, configuration. There is no equivalent in Romanian language although shape could be a usual translation. In psychology, the meaning of this word is often expressed by synonyms such as pattern or configuration.
Gestalt theory is based on three postulates: 1. Psychosomatic activities take place in an open and complex system where each subsystem is determined by the interrelations to the other subsystems. 2. Each subsystem is a dynamic unit defined by the relations between its elements. 3. Any subsystem tends to an equilibrium between all its qualities in order to allow a clear and concise perception of phenomena. By these postulates, gestalt theory is considered to be the precursor of the general theory of systems.
The purpose of this paper is to integrate all the subcortical structures, white and grey, in a complex sys-tem with implications in pathomorphology based on gestalt theory.
The objectives of the paper are macroanatomic visualization of all grey matter structures located at subcortical level and the analysis of its relations to the white matter located in between basal nuclei and in subthalamic region.
MATERIAL AND METODS
Our study was carried out on human biologic material respecting deontological laws of scientific medical research. We used six adult encephalon, three from embryos, five from fetus and two from new born, without any lesions involving leptomeningeal membranes, cortical or subcortical structures. First, the encephalon were washed with cold tap water and then fixed in 10% saline formaldehyde solution. They were immersed in a 5% saline formaldehyde solution and preserved for 5 years. The visualization and macroscopic analysis of the subcortical neuronal system structures were possible after creating serried sections in the three planes of space. Macroanatomic imagery was achieved with Canon EOS Digital Camera with Macro Ultrasonic Lens, EF 100 mm, F/2,8. Image processing was done using Professional Digital Photo Sofware and Adobe Photoshop CS4.
RESULTS
The evaluation of location and relations of structures belonging to subcortical neuronal system was carried out both mesoscopically analyzing the changes in space undergone by these structures during the process of telencephalon formation, and macro-anatomically analyzing the location changes during ontogenesis.
A. Mesoscopic analysis of the evolution of time and space relations involving the derivates of prosencephalon and mesencephalon during ontogenesis
The analysis of shape and stereodistribution of cerebral vesicles and of location of prosencephalon and mesencephalon derivates, was made through mesoscopic study of sagittal sections through cephalic extremity of 2 months antepartum embryo, 3 month fetus, 3, 6, 8 months new born and adult (Fig. 1) .
Telencephalon primordial is present in the rostral region of cranial cavity. One can observe the tendency of telencephalon vesicle to expand from rostral to caudal (Fig. 1, D) .
The strict location of telencephalon in the frontal part of embryo cranial cavity determine diverse relations of metencephalon, mesencephalon and diencephalon cerebral vesicles. Diencephalon keeps relations to telencephalon only in its dorsal and ventral part. The dorsal and caudal part of diencephalon, the dorsal part of mesencephalon and the dorsal part of metencephalon are not covered by the telencephalon vesicle and through leptomeninx primordial have contiguity relations to upper skull (Fig.1 D) . The expansive growth of telencephalon towards caudal, after a curve trajectory ventrally concave, determines the change of relations between dincephalon, mesencephalon and metencephalon vesicles to telencephalon vesicle. Thus, the structures of subcortical neuronal system appear due to telencephalon formation ( Fig. 1 A-C; E-G) .
B. Analysis of macroanatomic relations and stereodistribution of subcortical neuronal system structures in adult
The visualization of the subcortical neuronal system structures for the study of its relations is possible after creating serried sections in the three planes of space (Figure no. 2 G) .
Visulization and evaluation of the relations of subcortical neuronal system on frontal serrier sections
The analysis of frontal serried sections allowed us to visualize telencephalon structures (nuclei basales), diencephalon structures (nucleus subthalamicus, thalamus) and mesencephalon structures (red nucleus, locus niger). The relations between these structures depend on the level of sectioning. On anterior sections through posterior third of olfactory bulbs, we identified the relation of caudate nucleus head to putamen through internal capsule -crus anterius (Fig. 2 B) . On the section through olfactory tubercles, we observed o volume change in the two structures: the head of caudate nucleus decreases in volume while putamen increases and crus anterior of internal capsule widens and thus separates the two basal nuclei that form striatum. In the medial part of putamen one can notice another part of globus pallidus -pars lateralis (Fig. 2 C) . On the section through optic chiasm there is a lenticular formation in shape of a triangular pyramid. Lenticular nucleus contains putamen situated lateral and globus pallidus separated by lamina medularis lateralis (Fig. 2 D) . Another sectioning level was through mammillary bodies. On this section we noticed two importants nuclei of thalamus: nucleus medialis thalami and nucleus lateralis thalami (Fig 2 E) . In the superior and lateral part of the section, we identified the trunk of caudate nucleus and in its inferior and lateral part, nucleus lenticularis. The three grey matter structures -nucleus caudatus, thalamus and nucleus lenticularis have relations to internal capsule -crus posterior (Fig. 2  E) . In the inferior and medial part of internal capsule we identified nucleus lentiformis bordered towards lateral by the junction between internal capsule and cerebral peduncle ( Fig. 2 E and 3 A) .
On the frontal section through inter-peduncle space, we identified thalamus that protrudes in ventriculus tertius, decusatio pedunculorum cerebellarus and hippocampus (Fig. 2 F) . On transpedicularis section, in the median sagittal, one can notice posterior commissure, internal capsule -crus posterior, cerebral peduncles and nucleus ruber ( Fig. 2 G, H) . When examining mesoscopically the frontal section through mammillary bodies we identified three white matter formations: mammilothalamicus fasciculus, fasciculus thalamicus (H1) and fasciculus lentiformis (H2) that together with the fascicles from internal capsule -crus posterior -form a structure that Dejerine named "Forel's area" (Fig. 3  A) . We easily noticed the confluence of the three white matter structures forming an upside down "Y": internal capsule -crus posterior, cerebral peduncle and internal capsule -pars sublentiformis (Fig. 3 B) .
Visualization and evaluation of the relations of subcortical neuronal system structures on sagittal sections
The examination of the sagittal sections through parahippocampalis gyrus allowed us to identify the structures of the subcortical neuronal system: putamen, globus pallidus, nucleus caudatus -truncus, thalamus and amygdala. Between putamen and trunk of caudate nucleus one can observe the internal capsule that is crossed by bands of grey matter with arch-like trajectories convexed towards dorsal and caudal (Fig. 4) . Thalamus protrudes in lateral ventricle that separates hippocampus from parahippocampalis gyrus (Fig. 4) .
Visualization and evaluation of the relations of subcortical neuronal system structures on horizontal sections
When analyzing the horizontal serried sections through encephalon one can notice the symmetric location of subcortical neuronal system structures. In the median sagittal plane we identified towards the rostral part of corpus callosum knee, septum pellucidum and fornix, and towards caudal, splenium corporis callosi. Para-median we evidentiated the frontal and occipital parts of lateral ventricle. Lateral from the frontal part of lateral ventricle, there is the head of caudate nucleus that protrudes inside the ventricle. Between fornix and splenium corporis callosi there is the choroid plexus of the third ventricle. Para-median at this level, we noticed thalamic nuclei: anterior, ventral, mediodorsal and laterodorsal (Fig. 5) .
When examining the second horizontal section we observed caudate nucleus, putamen, globus pallidus and pulvinar. The fascicles of internal capsule describe a dihedral angle whose sides represent crus anteriortowards rostral and lateral and crus posterior -towards caudal and lateral (Fig. 6) .
DISCUSSIONS

A. Considerations on the efforts of visualization, naming and evaluation of relations and connections between the structures of subcortical neuronal system
The structures of subcortical neuronal system were permanently in the attention of neuroanatomy researchers. They were discovered and named by clinician neurologists. Semantically speaking, the subcortical neuronal system include grey matter formations located at the base of encephalon. The term subcortical structure was created by Thomas Willis (1664) [2] . Later, Vieussens (1614-1715) [3] introduced the term corpus striatum for the group of subcortical structures. Nowadays we are using the term basal ganglia for the group of subcortical nuclei that are interconnected to cerebral cortex, thalamus and cerebral trunk. This terminology is not entirely correct because the term ganglion refers to the structures of peripheral neuronal system and must not be used for the structures that belong to central neuronal system. Nevertheless, the international anatomic terminology (1998) [4] homologated the group basal ganglia. Dejerine (1906) [5] associated putamen to pallidum to create a global structure named as lenticular nucleus (Nucleus lentiformis). Vogts (1941) [6] associated caudate nucleus to putamen and introduced the term striatum. Striatum terminology is due to the striate aspect determined by the striato-pallido-nigral axons described by Wilson (1912) [7] .
Soemmering identified locus niger. The anatomic connection between striatum to pallidum and lucus niger was postulated based on their similar morphology (Mirto) [9] . Nowadays it is considered that the striato-pallido-nigral complex is the very heart of basal ganglia system. Edinger [10] observed the atrophy of fibers inside locus niger in dogs that had suffered a striate body removal. Another element was attached to the basal ganglia system: nucleus subthalamicus (Luys's body) discovered by Luys (1865) [11] . Forel (1877) [12] described in great detail the subthalamic region where one can find Forel areas (H, H1 and H2). The system of base ganglia is grouped by the International Basal Ganglia Society (IBAGS) in the following structures: striatum (nucleus caudatus and putamen), globus pallidus (medialis and lateralis), substantia nigra (pars compacta and pars reticulata), nucleus subthalamicus and nucleu accumbens. Sometimes, the following formations are also associated: intralaminary thalamic nucleicentermedian and parafascicularis (Percheron et al, 1991; Parent and Parent, 2005) [13;14] . The connections of the subcortical neuronal system structures were clarified due to the contribution of many researchers: Gratiolet [15] described "ansa peduncularis"; Reichert [16] discovered innominate substance, lately considered by Gratiolet [15] as a ganglion of ansa peduncularis. Cajal [17] and Maerinesco demonstrated [18] experimentally the connection of caudate nucleus and frontal lobe. Forel (1877) described area incerta and Forel's areas (H1 and H2) and Foix and Nicolesco [19] investigated anatomical connetion for nucleus subthalamicus.
B. Observations upon the criteria for analysis and grouping of the structurs belonging to the basal nuclei subsystem
We consider that two neuronal subsystems must be included in the subcortical neuronal system: subsystem of the basal nuclei and the subsystem of the connection interfaces for these nuclei (thalamus, hypothalamus, amygdala and septum).
Applying gestaltism in the study and evaluation of subcortical neuronal system structures imposes the knowledge of grouping criteria for its structural elements. This criteria is heterogeneous for the subsystem of base ganglions and include: topographic anatomy, the relation to the encephalon areas, phylogenetic, ontogenesis, histochemistry and connection interfaces (Table 1) .
Based on topographic criteria the neuronal structures from the subsystem of base ganglia are grouped taking into consideration the space distribution in the sagittal or frontal plane. The analysis of the sagittal sections allows for the visualization of rostral sections (nucleus caudatus, putamen, globus pallidus lateralis and nucleus accumbens) and caudal structures (nucleus subthalamicus and substantia nigra). On frontal sections we identified dorsal structures that are part of striatum dorsale (nucleus caudatus, putamen and globus pallidus) and ventral structures that belong to striatum ventral (nucleus accumbens). At the level of mesencephalon we easily identified substantia nigra. On horizontal sections, nucleus lentiformis appears of pyramid shape with the base oriented lateral and the tip, medial. The superior medial and inferior medial sides form an obtuse angle opened laterally. These sides correspond to the parts of internal capsule, as follows: the tip of lentiform nucleus corresponds to the knee of internal capsule and is the meeting point between anterior arm and posterior arm.
If we take into consideration the criteria of belonging to encephalon areas, base nuclei are grouped in telencephalon structures (nucleus caudatus, putamen, globus pallidus and nucleus accumbens), diencephalon structures (nucleus subthalamicus) and mesencephalon structures (substantia nigra). The grouping of base ganglia can be achieved based on phylogenetic criteria in structures that belong to neostriatum (nucleus caudatus, putamen), paleostriatum (globus pallidus) and archeostriatum (nucleus subthalamicus). Based on histochemistry criteria, base nuclei can be dopaminergic, noradrenergic (substantia nigra) or cholinergic (globus pallidus and nucleus accumbens). Connection criteria offers the possibility to group base nuclei into input structures (nucleus caudatus, putamen and nucleus accumbens)and output structures (globus pallidus, nucleus accumbens and substantia nigra). Another important criteria is the capacity for pacemaker. Globus pallidus and substsntia nigra are capable of fast spiking pacemaker. 
C. Anatomic and functional considerations upon the subsystem of connection interfaces inside subcortical neuronal system
According to the third postulate of gestalt theory, understanding a phenomenon is possible not only after analyzing the structures inside the system but mostly after the globalization of connection interfaces. Interrelations between the structures of basal ganglia subsystem and between them and the rest of central neuronal system are extremely complex and not entirely known. Many of the components inside basal ganglia subsystem play an important role not only in motor function but also in emotional and behavioral status and loco motor relations (Carpenter, 1981; Heimer, 1983 , Heimer, 2008 [20; 21; 22] . The knowledge of connection interfaces and anatomic and functional interrelations paths has great clinical relevance.
Cerebral cortex, basal nuclei and associated nuclei from subcortical area achieve complex connections by means of inter-connections, feedback circuits and descending pathways: 1. Cortical-cortical circuit via striatum, globus pallidus and thalamus; 2. The cirtuits involving substantia nigra such as: a) corticalnigral-striatum circuit, a dopaminergic pathway through its nigro-striatum fibers; b) projections from substantia nigra are directly rostral to striatum by nigro-striatum fibers and to thalamic ventral anterior and ventral lateral nuclei bynigro-thalamic fibers that project to motor and premotor cortical areas. 3. Pallido-pallido circuit, from the lateral to medial segment of globus pallidus via nucleus subthalamicus. 4. Cortical-pons-cerebellarthalamic circuit by dens-thalamic and pallido-thalamic fibers to ventral lateral nucleus of thalamus that belongs to extrapyramidal system. 5. The subcortical influences of extrapyramidal system on cerebral cortex, come back from cerebral cortex to motor nuclei inside cerebral trunk and spine by many descending pathways (Noback and Demarest, 1975) [23] . These descending pathways include pyramidal pathways (corticospinal and corticobulbar tracts), cortico-rubro-spinal pathways, cortical-reticular pathway and cortical-reticular-spine pathway. Pyramidal system can serve as asource of afferent and efferent fibers for extrapyramidal system. Pyramidal system sends collaterals to putamen, nucleus subthalamicus, substantia nigra, red nucleus and reticular formation of cerebral trunk.
Subthalamic region was intensly studied and described by Forel (1877) [12] . It contains nucleus subthalamicus (Luys, 1875) [11] and pallidal fibers organized from rostral to caudal as ansa lenticularis, fasciculus lenticularis (H2 Forel) and fasciculus subthalamicus.
Ansa lenticularis is mainly made of lenticular fibers originating from the ventral side of medial segment of globus pallidus. Its fibers reach subthalamic region and dissociate in small fascicles that go to thalamus, red nucleus and indirectly to cerebellum and substantia nigra. Fasciculus lenticularis appears from the dorsal aspect of medial segment of globus pallidus and goes into the posterior arm of internal capsule, just rostral from nucleus subthtalamicus and passes medial and caudal between nucleus subthalamicus (situated ventral) and area incerta (located dorsal). Fasciculus lenticularis that was so far connected to ansa lenticularis gets contact to Forel H2 area. Fasciculus subthalamicus has pallidosubthalamic fibers that go from the lateral segment of globus pallidus to subthalamicus nucleus. Subthalamicpallidal fibers pass then from nucleus subthalamicus to the medial segment of globus pallidus thus closing the pallidal-subthalamic-pallidal loop.
D. Implications in functional anatomy and pathology
It is very well known the role of basal ganglia in regulating stereotype movements and its involvement in involuntary movements, difficulty to initiate and control movements and in changing muscle tone (muscle rigidity). Typical examples are Parkinson disease, hemibalism and Huntington disease. Nowadays it is considered that structural and functional anatomy of the structures inside subcortical neuronal system must be associated to the subsystems of knowledge, emotions and behavior.
CONCLUSIONS
1. The use of "gestalt theory" in the study of neuronal system, allowed us to elaborate the concept of "Subcortical Neuronal System", also sustained by the complexity of the evolution during ontogenesis of structures derived from telencephalon, diencephalon and mesencephalon.
2. Based on this concept, all the structures made of grey matter located in the subcortical sector of encephalon, are reunited: striatum (putamen and nucleus caudatus), globus pallidus, structures from subthalamic area, nucleus accumbens, locus niger, thalamus, red nucleus and amygdala.
3. "Subcortical Neuronal System" is an important part of central neuronal system with multiple implications in functional anatomy and pathomorphology.
4. Through its two components -subsystem of nuclei from the base and subsystem of connected interfaces -it is integrated in regulating stereotype movements and knowledge and behavioral processes.
